Introduction
Chronic obstructive pulmonary disease is a growing global health concern affecting over 300 million people worldwide and contributing to ~3 million deaths every year. 1, 2 It is a chronic lung inflammatory disease that is characterized by persistent and progressive airflow limitation. 3 In particular, chronic obstructive pulmonary disease (COPD) patients with severe airflow limitation often suffer from remarkable respiratory symptoms such as chronic cough, sputum production, breathlessness, and exercise intolerance. 4, 5 Therefore, the substantial symptomatic burden of COPD reduces physical and psychological functioning, ultimately decreasing health-related quality of life (HRQoL). [6] [7] [8] [9] [10] A single measurement of airflow limitation grade often correlates poorly with disease activity, severity, and prognosis, 11, 12 that is potentially limiting in providing an accurate assessment of the complexities of COPD. When assessing COPD patients, the Global Initiative for Chronic Obstructive Lung Disease (GOLD) guidelines suggest including the number of exacerbations over the past 12 months and the severity of symptoms in addition to the degree of airflow limitation. 3 In order to assess symptom severity, the GOLD guidelines propose two simple measurements: the modified Medical Research Council (mMRC) dyspnea scale and the COPD Assessment Test. 13, 14 The updated GOLD strategy also added the St George's Respiratory Questionnaire (SGRQ) (cut-off point: $25 points) and Chronic Respiratory Questionnaire as other methods for grading symptoms. 3 The SGRQ is the most documented measurement of disease-specific HRQoL 15 and has been validated in COPD clinical studies. 16, 17 The SGRQ not only allows for comparative measurements of health status among patients, but also helps to quantify changes in health status during clinical follow-up. Therefore, assessing health status is an important additional measurement along with lung function to evaluate disease severity in COPD.
Despite the significant association between impairment of HRQoL measured by the SGRQ and airflow limitation grade, [18] [19] [20] [21] the HRQoL data obtained using the SGRQ were weakly correlated with airflow limitation grade, and there was considerable heterogeneity in HRQoL among COPD patients with the same degree of airflow limitation. Consistent with this finding, mild-to-moderate COPD patients often experience distressing symptoms and poor HRQoL that are disproportionate to their grade of airflow limitation. 20 However, there is limited information with respect to the factors that affect high SGRQ scores, particularly in mild-to-moderate COPD patients with relatively conserved pulmonary function. In addition, we questioned whether there are factors other than dyspnea that contribute to poor HRQoL in patients with severe-to-very severe COPD. Recently, a COPD-specific version of the St George's Respiratory Questionnaire (SGRQ-C), a shorter version of the SGRQ, was validated specifically for COPD, and it produced scores equivalent to the original SGRQ. 22 Therefore, the aim of this study was to analyze the distribution of SGRQ-C scores and to identify factors associated with high SGRQ-C score in stable COPD patients according to severity of airflow limitation.
Methods

study subjects and data collection
All subjects were selected from the Korean COPD Subgroup Study (KOCOSS) cohort, which prospectively recruited stable patients at outpatient clinics from 47 referral hospitals in Korea between December 2011 and November 2015. The inclusion criteria for this cohort included the following: a diagnosis of COPD by a pulmonologist; age $40 years; symptoms including cough, sputum, and dyspnea; and a post-bronchodilator (BD) forced expiratory volume in one second (FEV 1 )/forced vital capacity (FVC) ,70%.
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At enrollment, data including age, sex, height, weight, smoking status, patient-reported education level, area of residence, comorbidities, depression, 6-min walking distance, cough, sputum, mMRC dyspnea score, and SGRQ-C were recorded by physicians or trained nurses using case-report forms. The presence of cough and sputum was defined when the patients answered yes to the questions "Have you ever had a cough for more than 3 months in 1 year?" and "Have you ever had sputum for more than 3 months in 1 year?" The presence of depression was determined based on Beck's Depression Inventory score $16. 24 Pulmonary function tests were performed when the patients were stable, and the most recent results obtained within 1 year of enrollment were collected. All of the initial datasets were analyzed to characterize baseline patient characteristics. This study was approved by the Institutional Review Board (IRB) of each hospital (Seoul National University Hospital IRB,
Pulmonary function tests and severity of airflow limitation
Spirometry was performed according to the recommendations of the American Thoracic Society/European Respiratory Society criteria. 25 Absolute values for FEV 1 and FVC were obtained, and the percentages of predicted values for FEV 1 and FVC were calculated using the Morris equation. 26 The severity of airflow limitation was classified according to the GOLD grading system: mild-to-moderate corresponded to post-BD FEV 1 $50% predicted and severe-to-very severe corresponded to post-BD FEV 1 ,50% predicted. 3 
hrQol measurement
The SGRQ-C was administered to assess subjective health status. 22 The SGRQ-C contains 40 items and provides three component scores for symptoms, activity, and impact, as well as a total score. The total and component scores were calculated according to the algorithms provided in the SGRQ-C instruction manual. High SGRQ-C score and low SGRQ-C score were defined as SGRQ-C score $25 and SGRQ-C score ,25, respectively. 3, 22 statistical analyses For continuous variables, descriptive statistics were reported as the mean and standard deviation, while categorical variables were reported as the number of patients (%) per category and the frequency of a response. Continuous variables were compared using two-sample t-tests, while categorical variables were compared using Chi-square or Fisher's exact tests, as appropriate. The correlation between post-BD FEV 1 (% predicted) and SGRQ-C was analyzed using Pearson's correlation (r). Strength of association was classified based on the absolute values for r as follows: very weak (0-0.19), weak (0.20-0.39), moderate (0.40-0.59), strong (0.6-0.79), and very strong (0.80-1.0). 27 Multiple logistic regression models were generated to identify factors associated with high SGRQ score (SGRQ-C $25). Based on univariate analysis (p-values ,0.20, except for area of residence) and clinical relevance, age, sex, body mass index, education, smoking status, cough (.3 months/year), sputum (.3 months/year), dyspnea ($ mMRC II), and number of comorbidities were inserted into the logistic model for Model 1. To evaluate the impact of each comorbidity on high SGRQ score, we further adjusted each comorbidity with all of the abovementioned variables in Model 1 except for number of comorbidities. In order to address missing or unknown values, we created a missing value category for each incomplete, independent, and categorical variable. To handle missing data in the regression model, we used the missing-indicator method, which is a popular and simple method for managing missing data in clinical research. 28 However, since the number of missing data points for the Beck's depression score was relatively large, missing data were removed in the analysis of the odds ratio of Beck's depression score for high SGRQ-C score, and depression was not included in the number of comorbidities. Any p-values less than 0.05 were considered statistically significant. Data were analyzed using IBM SPSS Statistics for Windows, version 23.0 (Armonk, NY, USA).
Results
study patients
A total of 1,391 patients with COPD were recruited during the study period. Since the primary aim of this study was to evaluate the potential factors affecting high SGRQ-C score, patients without detailed data regarding comorbidities (n=127) were excluded. Ultimately, 1,264 COPD patients were included in our analysis. Of the enrolled patients, 902 (71.4%) had mild-to-moderate COPD, and 59.2% (534/902) of these had high SGRQ-C score. There were 362 (28.6%) patients with severe-to-very severe COPD, of whom 80.4% (291/362) had high SGRQ-C score ( Figure 1 Comparison of clinical characteristics in mild-to-moderate COPD patients according to sgrQ-C score Among patients with mild-to-moderate COPD, we compared the demographic and clinical characteristics between those with high and low SGRQ-C scores (Table 1) . Patients with high SGRQ-C score were more likely to be older (p=0.001) and less educated (p,0.001) compared with those with low SGRQ-C score. In addition, patients with mild-to-moderate COPD with high SGRQ-C score suffered more respiratory symptoms such as cough (p,0.001), sputum (p,0.001), and dyspnea ($ mMRC II) (p,0.001), were less educated (p,0.001), and had more comorbidities (p=0.002) than those with low SGRQ-C score. However, there were no significant differences in sex, body mass index, smoking status, or area of residence between the patients with high SGRQ-C and those with low SGRQ-C.
Compared to patients with low SGRQ-C score, those with high SGRQ-C score were more likely to have extrapulmonary comorbidities such as congestive heart failure (p=0.030), osteoporosis (p=0.020), gastroesophageal reflux disease (p=0.017), hyperlipidemia (p=0.008), and thyroid disease (p=0.011), as well as a history of pneumonia (p=0.008) and allergic rhinitis (p=0.001). In addition, depressed mood 
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Impacts of symptoms and comorbidities on Qol of COPD by severity was more frequent in patients with high SGRQ-C score than in those with low SGRQ-C score (p=0.016). However, Beck's Depression Inventory was performed only for 198 patients (22.0%).
Patients with mild-to-moderate COPD with high SGRQ-C score had a significantly lower level of functional exercise capacity (as estimated by the 6-min walk distance [p,0.001]) compared to patients with low SGRQ-C score.
Comparison of clinical characteristics in severe-to-very severe COPD patients according to hrQol
In patients with severe-to-very severe COPD, those with high SGRQ-C score were more likely to have lower body mass index (p=0.031) and respiratory symptoms such as cough (p=0.014), sputum (p,0.001), and dyspnea ($ mMRC II) (p,0.001) than those with low SGRQ-C score. The numbers of missing/unknown data are as follows: cough (n=10), sputum (n=12), myocardial infarction (n=38), congestive heart failure (n=38), peripheral vascular disease (n=43), diabetes mellitus (n=8), hypertension (n=7), osteoporosis (n=31), gastroesophageal reflux disease (n=42), hyperlipidemia (n=46), thyroid disease (n=39), bronchiectasis (n=97), chronic bronchitis (n=106), previous history or current status of TB (n=29), previous history of pneumonia (n=51), asthma (n=43), and allergic rhinitis (n=39).
b Depression was not included in the number of comorbidities. However, there were no other significant differences between the groups regarding age, sex, smoking status, education, area of residence, or number of comorbidities (Table 2) . Compared to patients with low SGRQ-C score, those with high SGRQ-C score were more likely to have osteoporosis (p=0.023) and a history of pneumonia (p=0.003). Similar to the findings in mild-to-moderate COPD patients, patients with severe-to-very severe COPD with high SGRQ-C score had a significantly shorter 6-min walk distance (p,0.001) than those with low SGRQ-C score.
Factors affecting high SGRQ-C score according to severity of airflow limitation
In order to evaluate the independent factors affecting high SGRQ-C score, multiple logistic regression analysis was performed for each COPD patient group (Tables 3 and 4) . The numbers of missing/unknown data are as follows: cough (n=3), sputum (n=6), myocardial infarction (n=10), congestive heart failure (n=11), peripheral vascular disease (n=11), diabetes mellitus (n=2), hypertension (n=5), osteoporosis (n=10), gastroesophageal reflux disease (n=9), hyperlipidemia (n=8), thyroid disease (n=8), bronchiectasis (n=22), chronic bronchitis (n=26), previous history or current status of TB (n=14), previous history of pneumonia (n=16), asthma (n=18), and allergic rhinitis (n=14). Table 3 ). With regard to comorbidities, congestive heart failure (aOR =2.81, p=0.025), hyperlipidemia (aOR =1.77, p=0.020), and depression (aOR =2.39, p=0.045) were significantly associated with high SGRQ-C score (Model 2 in Table 3 ).
However, in severe-to-very severe COPD patients, exsmoker (aOR =4.76, p=0.007), sputum (aOR =2.87, p=0.021), and higher dyspnea scale ($ mMRC II, aOR =4.92, p,0.001) (Model 1 in Table 4 ) were significantly associated with high SGRQ-C score, while no comorbidities were associated with high SGRQ-C score. The numbers of missing/unknown data are as follows: cough (n=10), sputum (n=12), myocardial infarction (n=38), congestive heart failure (n=38), peripheral vascular disease (n=43), diabetes mellitus (n=8), hypertension (n=7), osteoporosis (n=31), gastroesophageal reflux disease (n=42), hyperlipidemia (n=46), thyroid disease (n=39), bronchiectasis (n=97), chronic bronchitis (n=106), previous history or current status of TB (n=29), previous history of pneumonia (n=51), asthma (n=43), and allergic rhinitis (n=39). The numbers of missing/unknown data are as follows: cough (n=3), sputum (n=6), myocardial infarction (n=10), congestive heart failure (n=11), peripheral vascular disease (n=11), diabetes mellitus (n=2), hypertension (n=5), osteoporosis (n=10), gastroesophageal reflux disease (n=9), hyperlipidemia (n=8), thyroid disease (n=8), bronchiectasis (n=22), chronic bronchitis (n=26), previous history or current status of TB (n=14), previous history of pneumonia (n=16), asthma (n=18), and allergic rhinitis (n=14). 
Discussion
In this study, there was a negative correlation between HRQoL and severity of airflow limitation in patients with both mild-to-moderate and severe-to-very severe COPD. As expected, most of the patients with severe-to-very severe COPD (80.4%) had high SGRQ-C score. In addition, ~60% of patients with mild-to-moderate COPD had high SGRQ-C score, despite having relatively good pulmonary function. The strongest factor affecting high SGRQ-C score was respiratory symptoms, especially dyspnea, regardless of severity of airflow limitation. In addition, both mild-to-moderate and severe-to-very severe COPD patients with high SGRQ-C score were more likely to have poor functional exercise capacity as measured by the 6-min walk test. Aside from dyspnea, other independent factors affecting high SGRQ-C score varied according to severity of airflow limitation. In mild-to-moderate COPD patients, age, being an ex-or current smoker, lower level of education, respiratory symptoms including cough, and number of comorbidities were significant factors associated with high SGRQ-C score. Among the comorbidities, congestive heart failure, hyperlipidemia, and depressed mood were significantly associated with high SGRQ-C score even after adjustment for all relevant covariates including dyspnea. However, in severeto-very severe COPD patients, no comorbidities were associated with high SGRQ-C score, while being an ex-smoker and having respiratory symptoms including sputum remained significant after adjusting for other covariates.
Respiratory symptoms, particularly dyspnea, are key presentations of COPD. Indeed, dyspnea was the most significant factor associated with high SGRQ-C score in COPD patients irrespective of severity of airflow limitation in our study. Additionally, we showed that cough and sputum were also associated with high SGRQ-C score in mild-to-moderate and severe-to-very severe COPD patients, respectively. These findings indicate that relieving respiratory symptoms might be the cornerstone to improving HRQoL in patients with COPD. Regarding functional exercise capacity, previous studies reported that there was an inverse correlation between the 6-min walk distance and severity of COPD or HRQoL measured by SGRQ. 21, 29 The present study further found that the 6-min walk distance was significantly shorter in COPD patients with high SGRQ-C score than in those without high SGRQ-C score even within a similar grade of COPD, suggesting that functional exercise capacity, as measured by the 6-min walk test, was closely associated with HRQoL irrespective of severity of airflow limitation.
This study showed that several comorbidities were significantly associated with poor HRQoL. The presence of comorbidities not only restricts daily physical activity but it is also associated with increased exacerbations and mortality. [30] [31] [32] [33] Several studies, which evaluated the predictive factors for death after an acute COPD exacerbation, found that comorbidities were independently associated with poor outcomes (in addition to other factors including old age, lower body mass index, and previous exacerbation). 34, 35 In addition, comorbidities are associated with increased systemic inflammation, which can eventually worsen morbidities arising from COPD. 36, 37 Consistently, comorbidities alone have the ability to affect HRQoL in COPD patients. 38 The number of comorbidities has been reported to influence HRQoL in COPD patients, 20 and a previous report has shown that the presence of a comorbidity affected HRQoL, especially in mild COPD. 39 We also showed that the number of comorbidities was significantly associated with high SGRQ-C score in mild-to-moderate COPD patients, but not in severe-to-very severe COPD patients.
Our data further demonstrated that comorbidities affecting poor HRQoL differed according to severity of airflow limitation in COPD, extending the findings of the ECLIPSE study which reported that comorbidities were heterogeneous according to disease severity in COPD. 12 In particular, we showed that HRQoL in mild-to-moderate COPD patients was affected by extra-pulmonary comorbidities, among which congestive heart failure, hyperlipidemia, and depression were important contributors to HRQoL impairment as measured by the SGRQ-C. Given that comorbidities are controllable factors, our data provide additional insight into the importance of evaluating extra-pulmonary comorbidities in mild-to-moderate COPD patients with relatively conserved pulmonary function, especially in those with poor HRQoL.
Although extra-pulmonary comorbidities are prevalent in COPD patients, we demonstrated that severe-to-very severe COPD patients had worse HRQoL in the presence of respiratory-related comorbidities, such as a history of pneumonia, compared to patients without such a respiratory history. However, the significance disappeared after adjusting for clinically relevant factors, especially dyspnea, indicating that HRQoL impairment is more significantly influenced by dyspnea than other factors in severe-to-very severe COPD patients.
Interestingly, we found that being an ex-smoker was significantly associated with a high SGRQ-C score in mildto-moderate and severe-to-very severe COPD patients. Although the reason for this association is not clear, it is possible that patients with a high SGRQ-C score had a tendency toward cessation of smoking due to more severe respiratory symptoms such as cough, sputum, and dyspnea. 
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Impacts of symptoms and comorbidities on Qol of COPD by severity This study has several limitations. First, because the KOCOSS cohort study was non-interventional and observational in nature, it is unclear whether the patients' comorbidities were well controlled during the study. Second, the data were obtained from the cross-sectional KOCOSS cohort; therefore, the directionality of the relationship between poor HRQoL and comorbidities is uncertain. Further clinical studies with longitudinal follow-up are needed to confirm our observations. Third, we used the SGRQ-C and did not include any generic instrument to measure the impact of comorbidities on HRQoL. Previous studies found that generic instruments are more sensitive in assessing the impact of comorbidities on HRQoL among COPD patients, especially those with low levels of comorbidity. 40, 41 Further studies using both disease-specific and generic instruments are necessary to confirm the study findings. Finally, the COPD patients in our study were recruited from referral hospitals in Korea. Moreover, the prevalence of certain comorbidities in Korean COPD patients is different from those in Western countries. In particular, there are more individuals with tuberculosis or a history of tuberculosis among Korean COPD patients compared to Western countries. 42, 43 Thus, the results of the study might not be generalizable to populations in other settings including primary care clinics managed by general physicians, or in other countries.
Conclusion
In conclusion, there was a weak negative correlation between SGRQ-C score and lung function. Respiratory symptoms, especially dyspnea, were significant factors associated with high SGRQ-C score in COPD patients. In addition to dyspnea, the number of comorbidities or extra-pulmonary comorbidities was also associated with high SGRQ-C score in mild-to-moderate COPD patients. This suggests that dyspnea is a powerful factor influencing poor HRQoL in COPD, and that the presence of extra-pulmonary comorbidities should be taken into account in mild-to-moderate COPD patients with poor HRQoL.
